This study examines a concurrent profiling of circulating and extravasated polymorphonuclear leukocytes (PMNs) in a rat model of experimental sepsis. Fecal peritonitis was induced in Wistar male rats by intraperitoneal instillation of a fecal suspension in saline (1:1 w/v). Blood and peritoneal fluid were collected 8 h following fecal inoculation for the evaluation of inflammatory response of PMNs using zymosan-induced luminol-dependent chemiluminescence. Fifty microliters of pre-diluted blood or peritoneal fluid samples were mixed with 150 ml of reaction mixture (4/10 4 M luminol/50 mg opsonized zymosan/0.1% gelatin in Hank's balanced salt solution) and the chemiluminescence signal was measured in a luminometer at 378C. Fecal peritonitis caused a significant leukocytopenia (35409/297 mm 3 versus control value of 75259/711 mm 3 , pB/ 0.001) accompanied by massive infiltration of PMNs in the peritoneal cavity (347009/4006 versus 73259/425 mm 3 , p B/ 0.001). The phagocytic activity of circulating blood PMNs was down-regulated whereas a significant up-regulation was observed in the activity of PMNs from peritoneal fluid. In conclusion, this study clearly demonstrates sepsis-induced alterations in both blood and peritoneal fluid PMNs and their quantitative assessment may be helpful in disease evaluation and designing effective therapies.
Introduction
Peritonitis is a serious infection that often leads to multiple organ failure, septicemia and mortality. The cascade of events initiating from infection to septic shock and organ failure is poorly understood. Phagocytosis is the first line of host defense against foreign antigens including bacteria. Polymorphonuclear leukocytes (PMNs) such as neutrophils and macrophages are responsible for inactivating and clearing bacteria and microbial-related noxious products using the process of phagocytosis. The recruitment and activation of PMNs at the site of infection are essential for effective host defense. 1 However, prolonged activation of PMNs results in the excessive generation of pro-inflammatory cytokines and reactive oxygen species (ROS) that can lead to progressive damage of host tissue.
2 Activated PMNs have also been implicated in oxidant stress and altered biochemistry of red blood cells in sepsis. 3 Recently, Holzer et al. 4 suggested that immunomodulation to down-regulate circulating PMNs and to up-regulate emigrated PMNs might offer a valuable protection against complicated peritonitis. Thus, a concurrent evaluation of the phagocytic response of PMNs in blood and peritoneal fluid could help in grading septicemia and planning more effective pharmacotherapies. In this investigation, an attempt has been made to evaluate phagocytic response of PMNs in the blood and peritoneal fluid of rats subjected to fecal peritonitis.
Materials and methods

Animals
Wistar male rats (2309/10 g) were divided into two groups of five animals each. The rats were housed in a temperature-controlled room maintained in 12 h light/dark cycles. The standard laboratory food and water were freely available ad libitum except for an overnight fasting before inducing experimental sepsis in rats. The study protocol was supported by the Research and Ethics Committee of Riyadh Al-Kharj Hospital Program, Saudi Arabia.
Experimental sepsis model
A small incision was made in the abdomen of etheranesthetized rats for intraperitoneal instillation of fecal suspension at a dosage of 1 ml/kg body weight of animals. The fecal suspension was prepared by dissolving fresh feces (1:1 w/v in normal saline) obtained surgically from the caecum of non-fasted healthy rats, and was used within 2 h. Control animals received pre-autoclaved (1358C for 1 h) fecal suspension. The wound was closed and the animals returned to their home cages. The surgery was performed aseptically. This procedure results in a fecal peritonitis septicemia. 5 
Blood and peritoneal fluid samples
The specimens of blood and peritoneal fluid were collected at 8 h following fecal inoculation. The samples were diluted either 500-fold (blood) or 100-fold (peritoneal fluid) in Hank's balanced salt solution (HBSS) containing 0.1% gelatin, and were kept on ice until promptly analyzed.
Measurement of phagocytosis
A sensitive procedure based on zymosan-induced luminol-enhanced chemiluminescence (CL) was used to measure the phagocytic response of leukocytes. 6 Fifty microliters of pre-diluted blood or peritoneal fluid samples were mixed with 150 ml of reaction mixture (4 )/10 (4 M luminol'/50 mg opsonized zymosan'/0.1% gelatin in HBSS) in the well of an opaque cliniplate (Labsystems, Helsinki, Finland). The CL signal produced by phagocytosing leukocytes was measured in a luminometer (Model Luminoscan-RT; Labsystems) at 378C. Thirty cycles of measurements using a 5 sec counting time and a 70 sec interval time were performed for each sample. Leukocytes were counted in all the samples using a hemocytometer.
Statistics
The statistical significance between the control and sepsis groups was analyzed by independent sample t -test. p B/0.05 was considered statistically significant.
Results
The leukocyte count was significantly decreased in the blood and increased in the peritoneal fluid of animals that underwent peritoneal fecal instillation (Table 1 ). The peak CL response during the entire counting time was not significantly different between the control and peritonitis groups (Table 2) , whereas a significant decrement in the integrated CL signals was observed in the peritonitis group as compared with the CL response from the same volume (100 nl) of control blood. The normalization of CL to 1000 leukocytes also showed reduced phagocytic response in the peritonitis group but without reaching a significance level (Table 2) . In contrast to blood analysis, all the CL measurements (peak value, integral value, normalized value) were significantly higher in the peritoneal fluid of rats with septicemia as compared with respective control values ( Table 2) .
Discussion
A significant reduction in blood leukocyte count following experimental sepsis is in agreement with earlier studies. 3, 7 Transient leukocytopenia has also been reported in patients with sepsis who developed respiratory failure, suggesting that the disappearance of PMNs from the blood stream and entrapment of cells in lung capillaries is an early event of acute respiratory distress syndrome. 8 On the other hand, fecal peritonitis caused a significant increase in the leukocyte count within the peritoneal fluid, indicating massive infiltration of PMNs towards the bacterial load. PMN migration into the peritoneal cavity in response to fecal peritonitis is an important mechanism of host defense against bacterial invasion as the exudative PMNs localize and contain infection by phagotizing and killing bacteria. 9 The PMN migration to the peritoneal cavity showed a highly significant up-regulation of their phagocytic activity as opposed to a concurrent downregulation of phagocytic activity of blood PMNs (Table 2) . These findings are supported by an earlier study showing the ability of ascitic PMNs to produce significantly high levels of ROS, including superoxide, hydrogen peroxide and myeloperoxidase, as compared with blood PMNs following induced peritonitis in rats. 10 As the ROS have a tendency of producing CL in the presence of luminol, a high CL signal from migrated PMNs during sepsis indicates excessive generation of ROS that might trigger pathways for host damage. 2, 10 Activated PMNs are considered the primary mediators of remote organ injury in peritonitis. 9, 11 The severe systemic inflammation caused by sepsis may also lead to multiple organ failure, a condition that is often fatal to the host. 12 The natural resolution of acute inflammation involves bulk clearance of extravasated inflammatory cells in an ordered manner. However, an imbalance between the clearance and infiltration of PMNs and/or disruption of equilibrium between bacterial load and extent of phagocytosing PMNs could be deleterious to host cells. Therefore the role of PMNs should be evaluated in the light of both host defense as well as host injury, while approaches to control PMN infiltration to the infected site and regulation of their activity have improved the animals' survival and protected them against remote organ injury following experimental peritonitis. 13 Á 15 In conclusion, this study clearly showed differential changes in the blood and ascitic PMNs following fecal peritonitis. However, the real clinical application of these parameters in defining septicemia is yet to be established.
